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Abstract of JP7270632 

PURPOSE:To stabilize the output of an optical 
wavelength converting element by controlling 
the phase matching wavelength. 
CONSTITUTION :This optical wavelength 
converting element is produced by forming a 
polarization reversed layer 4 and a proton- 
exchanged optical waveguide 5 on a LiTa03 
substrate 1. The electric field applied on the 
optical waveguide 5 and temp, are controlled 
with electrodes 10 and a heater 1 1 to control 
the refractive index of the optical waveguide 5. 
By controlling temp., the refractive index can 
be modulated in a wide range. By combining 
with controlling of the electric field, fast 
modulation can be obtd. As a result, the phase 
matching wavelength of the optical wavelength 
converting element can be fast controlled in a 
wide range. Thereby, the phase matching 
wavelength of the optical wavelength 
converting element which is changed by 
environmental temp, or the like can be 
controlled to obtain stable output 
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(2) 

1 

i. %im)>tmiii!»ff)'Pts:<thh-mizm^^nrcmBim 
mmmif}-^iia^m±\zm&-snr:in^m&m^m 

b, ;fa::fe*^OtaiE^l*fcBm2©«#:cD'>/*<i:t)- 
^. 



!l$M¥7-2 7 0 6 3 2 

2 

^jR?<D&ffiS-&i£ft*tirE¥«#:U— !f©%SiS«l3 

-st-r -5 ± 5 . tfiEitfegs^jg^ <!DsaE«s^ajjn#® 
^■rs^sfgit^S'Kt. flaESffi^BS»cjgfiKsnfc« 

t9E»li!t©JB*f^sS««adn2/dT CC") 
*td nl/dT>d n2/dTTfe-&rt?£!|*at-r'5® 

?gfi£$nfc^^-7-^>'i'*fflVJ-5f»*JBl OE«©S 
to 0 0 1] 

w> v%mzmtz,-^(r>-xitb^. 

[0 0 0 2] 

s¥^>©&s©m2Siite»c^m-e^^. rnicioT 
[0 0 0 3] rLn^7F.tm}:.\^xmx\-s.. mimjm.'^ 

y^'f H • y-i-JyiPT- • U^— XApplied Physics Le 
tters. Vol.62, No.21, 2599(1993)) . LiTaOaSSC^ 

mvt<oi^mRmm&mri>ytm^^^m^L^ qpm- 
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3 

[0 0 0 4] SHG^^tt^^^2 1 XT3 ImWO 
A(f, U.mSLmt. 0.1~0.2nni/"C. HUDSSSTfeO. 1 

[0 0 0 5] ^z.-c. mx\mii\z. 7P.-ri:.ouifv 

ftl^— tf-1 0 l*>^ftlt*nfcJttt, N.A. =0.5503 
»J^-hW>X] 0 2ttJ:0¥fft'-A»r^^;Sn, A 
/2«1 0 3T?{l|6j:*[p]S:(Hlfe$it. N. A. =0. 45© 7 
-*v'>i^U'>Xl 0 4 J; r)3t^iKK® Al^ffl 1 0 5 
lC«3^Stl-5. 3K^%i%©mSti@<l:0illl#;$n:&S:$:% 

iim2^mmtnn ^-hv-yxi o ejcjcovfrt- 

[0 0 0 6] S*«[tti^^-xw>4^1 OSfcitJiSES 

s«;^ti^c^> i/>xio6, uyxio 

4, 1 0 2*5J:y:A/2ffil 0 SSffioTijiS^*:!^— If 

10 1 {c»asn-5. i^w-T^^^ ^i/"! 0 8©s««fi 
fciD^^^U'-if 1 0 i©^igiSfi*^1«-e^So ^ 

©iSIB. U-1f ©S:^^»{- J; 0 8 mW©#fi^ 

©^^lcfi&5(jb. tP©iaSS^t:»c>t*UTt) 1 

7~3 5'C©|BlT^3e;a:SHGa*S^TV».5. 
[0 0 0 7] ifU-y'4>ify-<-]^/-^yi^:^^tLT 

\t. 014 jd^Lfc^i-SB^/u-T-'i' y^^mmt^m- 
ftsnxvis. c:n*^-rOTtbTCT^«, shg*^ 

a¥5-8 5 9 5 0#)o ^rzmmLr:iifU-y'^ >if 

^''f yfeS^SnxVi* (K. Shinozakite. K 
y^Vvt^T', • U^— X Applied Physics Letters. V 
Ol. 59. No. 29. 510-512 (1991)) . iSfi 1 . 3 2 7m 
m©S*i&P IIC^JUT. 3fc«a[KOfiS*2min, S 
*iKP 1 ©A»7-*6 0 tfWlCUfct^iaSiiifiP 2©/"« 
"7-0. 6 5 2 pWd«#e>nTt»fc. C10t^©XS|gi 

[0 0 0 8] SHG^^IC.fc^N*^{*^U— !f©S 



(3) if*ra¥7-27 0 63 2 

4 

^ytmmmz^rj^m&^nmmm^umr^ r t jc j: 

fifiaE-&iS[SS-aS-a:-5:*Fj**^*-5 (i|#S¥4 - 2 0 
48 1 5^) . 

[0 0 0 9] 01 5icm^Wintc<t0fi[fflgE^iSfi*^ 
B-r-5?ie5fc©3fcStg*«^Tw«^0*a^-r. 015c 

*«riTl 1 Ott-Z«®LiTaOsS«. 1 1 l\tmmVt» 

ffisee, 1 1 2if:fah>^mtmm&. 1 1 aas 

JO ffi. 1 1 4«#^fl:lx— tf. 1 1 SttAWSBTa&S. «E 
*©3tiS:S^*i3g^t:fel^T{i«ffi©'li»cM-r-5lB«tt 

^S£l^fcz:^[n]©flJE*iSiliD^ns, ^KDfztb. WIR<o 

^© z 3&ini®«l^j«5J'l;:jk*f sa#f^*t^^bL-rs. r 
J: o T3t»S3EijiS5^ ©&«S^»«3&»3ESI$ n 

[0 0 1 01 

[00 1 1] ^/^-7"^>i)'7-<-KA•>y^/^&?1JfflLfc 
tJe*©SiStS>t5§^gfi-Ctt. ifU--7-^>i^\z^0¥^ 
»f©»»«gS;*iJffl|-C€r«*i. y© 
»S»gtt0.1~0.2DB»fCli«Wfc?¥SE-r«&«&, »s 
ff$«©$l5Vi^zSeS^3^T (0iI^«QPM-SHG}^ 
?©«-&, i6SW§af4*fii^i|@T0. Inmigffi) ©^ffi 
E^}Sga:^^JC-a3-&S©*q8b<, J««i^Yb*«B 

5^? -Sfcje), S«[iaS©Sfl2tcJ:0SHGtil***^S!ifSt 

ifois.st&mt&^&'^&m^nmiz-m.s'&^mm 

[0 0 12] ^^T*3^ig»±lH©^fc«;^, iisSi^lE 
[0 0 13] ^ir, 3tS^fi2!«3R?^^c:^^iT©SDS*SE 

T?*<5*t. ^saRriB&ja«f^iEfl:»4i o-<:t-4^t/hs 

v^fc©. ^IST^^{fl:*BS-&SE*©«5Htt, InrnKT© 

(0 0 14] ss©jiff*«^bs-e-sc:tic±»5 

50 [0 0 15] -¥-CT*S5Wtt±IB©jfilfce*, feffiSE^ 
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5 

[00 16] 

(1) 3fis««:»«^:. «ri5««±(cjg^snfca^aj 

(2) ^mm^^s^t. ^^m^&mizm^^nrcm 

(3) t^mmiit^&iis.t, tm^^mtzm^-snftm 
miK(o»ms.mmt. W5m&mmm\zm0^^n:^ytmm 
Kt, wim^mm^±.\zmm-^nrzM^^m^wtii, m 
mmnwm^m±\zmm^nrcm^e3m§i^mt. mm 
t&m^&±\zi&&-snftm&wiia^mt=&m^. mmyt 

^mz^omm^nx\^^^^&mmm'Fr$>^. 

(4) t(n3a«^ffi»c?g^$tifc« 

(5) ^mi^u-ift, $^i&m^^M&t, m^&m» 
mizm^z-^ntzmm'i^o^mR'mmt. tifi3s«^Mtr 
m^^nrz^mi&^t. mm^mmizm^^tifciftmik 

Wim&^±izm^^tiitmn^m^&ii, ffirss 
9i±\zm^-snrcum^ta^^t. m^yt^^t^m 

fzm&mi!a^wnzi:Dmm-snx^^^&&skiitn±&s 

(6) iSSS^J^at. *««:P-1ft. *l9Jg3t^a 

\zm0S.^nrc^ftm&nt, OTiBS«±fc}g«$nfcfli# 

(7) JB»r*S««ftdnl/dT CC-') ^WTS* 



(4) !|$MV7-2 7 0 6 3 2 

6 

mm^^m&t, W!^^sm\zm^tnrzmm^<o6^ 
asset. MEss^iSfcjg^^nfcjt^iSEK.!:. b5 
mytmf&^<D{>f3.< t h-ei(o^Si^rz\tmmizm^^ 
nTzirv-7-^>i/iL. mBifi^-7'^>if±\zm^^ 
nitmmt. tft, m^m^^t^m^, ta 

e»K©B*f^ffl««Sdn2/dT CC-') A^dnl/ 
d T>d n2/d TT?»^SiS[g3t^^eTfe.5. 
CO 0 1 7] 

wm] ^^mimrnvtzismiz^K). ytm^^zmmm 
10 tsa^wct.m.m!im^wc^wm\zm^^zii\z^K)%mi- 
©a^^sjEv^iefflciEf), nmiz^m-c^i). en 

\yi}^h^mm&<nm^^msmwz^^^m^m^mM\z 

±Dtt3ctirJ:Oigi3S©^igswiglc-rs. 2e.tr. 
aii&g©l8|lE«SS8ilni^ai::J;*^ii-efTV>. «^ 
;a:SIS««»BJiiD#a-eff5rtfcJ:0. lEHiHIzai 

[0 0 18] mi?^EPini^®tiaft9Jan#asssL 

[0 0 19] «ffifcSSSEi£flSrrt»Kk-i'©!e 

m\zmztz.t.tmmi:.fi^, 

[0 0 2 0] Sfc, ±iS©^i!SgSifti{l^i##**^W- 

^JSICcfct3^JSg^ift^^©)t«i6!S(C«g-&3-ar. 
a? !f®5!jgS?fiC:)t&:g3ESI^i'©(a:ffiS^&:S*i 

-§gt-rs i 5 . saiBJini^a t«#8iiiD*©t<fc oaisg 

f ^t, m.^^mL&mm\zm^. Mm\z&Mm^^^^^ 

[0 0 2 1] St. ia«iP©88aEIEfl:tJ:0. 3t»S3g 

tT?. ^fc-5£©SHG3t*«#^n«.fcJe). ^;ftffl* 
40 CO 0 2 2] Sfc. it^^^fcW— tfW^SKSSrJt^^'- 
usiibT^-st. if©5!SigES*tas?2nfc 

&glCH^Sns<i:^i'5t)©t?&*. ::nS:±iB@jSEg 
3tf6*SBlciS:«-r<5t. !f©f6ig«S*»a 

3£$n, iag^©SiKSJifclcJ:^^3i«i:U— ?f©^SiK 
g©*S!l*Wlhr^Ci:*ipI«gt;^5. CintCjioT. 

50 
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(5) 

7 

[0023] 

c 0 0 2 41 SI 1 tt, i^wR<r>^mm(f>'m&wm=t 

fi430nm©^2 jSPISt (KT. S HGJtiB 
<@>44jLiin. ai^«2Mm. S*iS 6 <OSE:g A *t 8 6 0 

[0 0 2 5] *^ifi«fl®3t«6^1ft5g^©f^S;5 
}*CC>ViTjS'«-S. - C«CDLiTaOsS«<D«ffi»CTaBISr 

X/1 5' U >i^S-e30nin^«l-r5, 7 * h U V 7 ^• 

Jcfe^r^o »«S:260'C©fc;n«K4'"e205J-ro1fS5!lg 

SJgfSfS. S«tTaSr30iuii«l»[L&». 7*hUVi^ 
7 7 >r t K ^-f X>y 5^>i^(r J; D3tiSgiSS<7)/'«5'-> 
&}e^-r-5. 260t:©t!a«K*T14iJ>W!^S!lSb:/p 
h>S!»*ff5. -€-©«420'C-Cl»m7:^-;l/ffiab 

SE2€:fflViTg5i?g-r-5« 

[0 0 2 6] (a) i^«SC^t5t«iS8S*je^UfcS JO 

«(^n(c,si03 8S«4ooiuD«err-&. sio>»«ii£;&»j9 

y7rB©©S!lSrtt;fcf = Si02©||Ii^«, 200DmT«?t 

Ig-rs ttt, SiOj ©JP*tt400niiiK±j6JS-ea6-5 21 

(b) I^vX h<£l/zm:*l9b. 

i^&ff^. (c) Ti&200nin^«-r-5, (d) 7-feh> 

fc. ttffitti|S4<im®Xh9'f :/*»6J5tO. 
[0 0 2 7] J*:JC. *SI5S«S©3t»g«lft^^Ol#tt» 

iBSsHSEJClE^-r^A&T, J:CT!«2;^:©#«}g3t^«I 



iRfraT7-2 7 0 6 3 2 

8 

tt. ««i«©4^«R«Ke*^&;a:Sl^itajgi'l^-7^^>^ 

icjco. S4:S£^m2ieEPSEiia©«itffiM$«i{s-r^si^ 

[0 0 2 8] i/W—T^-f ^^^©^fiis^;!* 

A^oB53a*©iKS^1^d*ffA^.i:Vi5!»:g**a&^, 

mmrnm. inmgs t /jn s t ^ ras*** -a. $ ^ 

-7-^ >i^©ffliff^3gft;(cj;^&ffiSS^&g©MffliCo 

[0 0 2 9] t-i'jDSfeKJcSflrfflai^iftS© 

^iBi^eSff^Lfc. Ti:Ah03k— tfd>e)®3t*3ie«jSE 

SL/fc. t-^'ttiglOOiiim, P*200DiD7?S*itt500Q. 
T?&r), 3t^iSKi:b-^'©aS«tt20um1?«o&. 

di© fc - 3^ ©i5)^«:^ s wjn L BiDne* tfins^isfi 

t©H«R*:^*03t*-r. 

[0 0 3 0] 3W©«:^Sfc:-^'{cSlW-r-&tfi[«S^ 
4 n mfcK D 3Efl: Ufc. 3t««8S©Ja«*^ft*» S 

W-J?-rs t?tsSjSSS©iaj|tt*9i50t:ir±#LTt,>s, 

\L-9\z.m\yt^m£. (40V) ^^aswic^^b 

^-a-T, &«ll'&i!l?S©^iS?*tt*W3eUfc. ^-©1^ 

»Hz:i— y©^s:^3$fi**-r-5;itdJ5>*^^fc, 
s«©BSi*<trx»**/h$<bT, a«of»$a*v 

ioic-r-5 tis 1 0 H z ^©is:^3sa*i#^nfc. 

[0 0 3 1] :^fr, «ffilcj;^ttffiS-S-SS©^|i|#14 
&S^«Lfc, LiTa03tta^?t^5am**-r^)««-e* 

{bt-^«i*TfeD> 9JiD-r^«^©;^i6]t;^^$c<k 
0. ^^b-r-&B*T^©;&i6]t:*:^$*tiKS*iaifr3>tU. 
— gWlCifeioTl-i-S. LITaOsOTJ©^, |gS©z:^|filC 
«#*BJSD L-T, z 5ErrSl©®*?^*tS5ft:-r •& r > » ©«m 

l^IiUEE^4^i:ffifi-&S[e^:©H«^$:^i^>:&IS«£Bi 4 (c^ 
T. ±5 0V©m£Ei£I^Jn-r.5t, {ifflS-&S[g«0. 6n 
m^iaT^fc, ^ii©j£:§Siaf2:ai^Ufci:C5. &1 
0 0 MH z fiLhWlSSjiSS^rbTt-ifc. 
[0 0 3 2] 6t±*LfcJ:plc, t-^'ilPsKlIC J: 2)^1)1 

*XBa-C«iB5j$©j£:SiliS*«SliS-C^-5*«. ^gB«eiB*« 
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9 

[0 0 3 31 (a)ttt-^'IC2W<Dfg:*Sfi31raUfc« 
(b)ttfc:-i'C2W©S*SBJlinl/. 

(b) fw^TJ; p lc> iaa«ffliiR^lc«Stcl|JE«8Jl)D 

It. 

[0 0 3 4] ^mmm-v\tmw^miihx^3 
CO 0 a 51 fe*5, *siifi«i-^tt¥ff«ffi«ffl^ifc*t, 

lE^T^^. Kk~f\Z^(Omm^j&^^. ¥fT«ffiT?«# 

-m\zwiMfEti^. t^^tfi, %}Bi§i&im=fi)mi\z 
^\.f:iiio\zmm^^URt&mi>^i^u^Wim.im^'^m 
©<§^. %m^mtnmm\z^mifiSM\^T:LmTit^t 

[0 0 3 6] -is. 06 (a) IC^-T^SSfe^M A t 
|5|i;^»lSrWr-5«SJg«ti^*SrJg^-r-5t. 0 6 (b) 

TSfc. «SJgllffiJC. ±5OV©«mSE|Jj0T 

■St, ■fc*BS^SEg*lniD{caeOi«^t?#, ¥fT««g© 
#?)2f&©fi[ffiSS^gES2EP*iBltglC75:^fc. «}Jg«ffi© 
«l©«©raiBtt. <2m-l) - A (m=l. 2, 3 

[0 0 3 7] *|gi£eyT«t-^{CTi»M4ffll» 
fcdt, m\ZCt. Ta. W>iif©«]M;;a^R;ft6tfmn©* 

[0 0 3 81 2(c^i&0qT». T\^mm\zm^'^rz. 



(6) !ffiB¥7-2 7 0 6 3 2 

mzm^nM^tz.mU Au> Ag. Cr. NI, Cu. la. 

?tis.iimn<D^wk'(^%nmzm\'^^^tifiT!^^. 

J:036^i-«3tiS«K©e»a**VjNSl,ifc«>, a* 5/7 

1 2 &«BST?€rT«^-Cfe-5. 
[0 0 3 91 ;^i5. ^mSfi^Ttt. A'y^T^ICSiOzS 
ffi»CTa205. SiN;&:f©SI®<t:, Si;5:t*©#« 

lc4;r)^*T^>jlim2!imJrJ:sm^©%**§S€f, tas 

if? #tt©|nJ±*ll^-e^Sfc**^T&5. 

[0 0 4 0] ;a:*5. *SgJS0!|t?tiS«fCLiTaO3S«*ffl 
V»fc*»flfi»CMgO. Nb. Ndi'iifSH-t/b&LiTaOj, S& 

ttLiNbOs ^fc«-€-©g-a-i^T$>-5LiTa( i -. > Nb. Os (0 g 

ifiV^mxm^. LiTaOs, LiNbOs. KTP«a:t)(C. ig5^i 
*IIJgttSWr*&», !e5?8^©3tiftS«»l!l^*«(^S 

a? [004 11 (Mmm 2 > jkt*I8?«©^«S3ES43i^ 

©ffl©i^fi^{c-^viTiK?9-r^. 
[0 04 21 la 7 «, *^§g©ffi©iijg«ig©?tists^si 

«?^©fl}jlS««S0T?*-5. ltt-C«©LiTaOsfi« (ilS 

^<Dcmzmufsm<r>-m) , 4tt»ffisg®, sa:/ 

n h >3^^i»jfe!S. 6ttfe:g8 6 0nm©S*3fe. 7« 
S[fi4 3 0 nm©m2igili^ (JJIT, SHGJfctBS 
T. ) , 8 tt^>ffiS«EJS©^»lA, 9tt^i>aSte«©1B 
W, 10«mS, lUiSKk— 12«Si02A'y7 
T@, 1 3ttSiOjA*«y7TSTa&-5. ^«iSKi|itt4u 

50 m. a?stt2Mm. ^mmMma>mmA\t.m3. 8Mm 

5tagS3Etft*^©fPSl;^^K||Jfi0!Ili:Hffl^ 

[004 3] mz, m 7 (Dms.&wsm^(r>m^wmz 
-^i)m%m\z!^m-iti. wm:.i)mm\zis.^. 

ia«©l!fte®tt*»lRl±b?£:fc«), SftBJJnC 
40 i ^B^*IEIB©JS«aift*<I^JSfisj 1 ©^^SSSIjRT 
JCif^T, if92«¥<JS:ofc. SISSW 1 tl^^tC, t- 
^^:€S(:«fiE&S)ttlb. l^i»H^3K^3il?©J19r$!eiti 

sfT^fctcia, 0. 3i>T^a©Biff*«c. sgiars 

i <!: ic<fc 0 , ±0 iafa;ififfiS-&j6g©Xia*«WiHc;ft 

D, i!iT©fi=tMffl*MN^<;fS:0, HUMfflOSSl^ 
IC, *53/2<&©»S^jft^^*i}g|^ET?ir-5J:5t;aio 
It. 

50 [00441 (^16011 3 ) B 8 ». 3fc%^©^©lliS0li 
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5\f:fah >^Miytm\m. 6 8 6 0 n m 

®S*3t, 7«jg[g4 3 0 nm®m2^gafe (^T, S 

HG3tti&t-. ) . 6t±»ms.^m<ommA, 9\t^m 
Eegs^ipsw. I 4 urn 1 <Dmwv$>^T i mm^ i s 

l±^2CD««i:-??a5-5Ti»K, 1 2ttSi02A-«y7 7eT* 

[0 0 4 5] :^\z, m8<D^m^^^m^(DWif^mm\z 
^i^^xmmr^. mi<Dm{^v&^nmmi 4<ommz 

Vi©«JI*8ipl. m 2 amVf^ 1 5 ebjS^SSJc V2<D€te& 
•ciaa^SrWiiiT^s. IM»$JcTi«Ki 4, israJcHflt 

[0 0 4 61 ift*, -effi«|jgibTf4, SaSCTlTf^U 

(om^am^n^, mz. m^nmitm^mmiz^^m 

[0 0 4 7] 'A\z, 0 8O5tS[fi|gSiS!S?^©«!ii&fflV» 

T. ^i^S:$tmm^<D&:«m^ffs^&<nm:^iz^^^xm 

[0 0 4 8] 0 8t^Lfc3fcS[fi^ift*^^©«^£C*V> 

T, mi<Dm»i4izmm^mu m2om»i 5\t- 

mms. mjBEO) tLfc. 

^ 1 ©Ti^K©x h 7'r 4 0 v©«JE^£:B3^l^L/ 

fc, Ti»K«. &m.mmz^^mtim^i^. t-^'tb 

mmt. ^mi&^(D&m:^f^\zm^r. o*^f,4ov/ 
3tfms-c*tini-r-5. dofej?), )>tmfm<Dmmmii. 

S^^5!l^©fiffiS-&&S*tjifT^ie]lCj!l 0 iSiSlMlcSg 
fb-rsdtlc&O. lg^^#:©fi:ffiS^S[SI^«ffi*t0 
1 0»C^lxfc<fc5JC0. 1 nin*>6 1 nmlCl Of&lClt 
:^-r«);it*«-e^fc. c©3tiS?S«»3f?^*fflVi*i. 

[0 04 9] (Hififif!! 4) ?t5f§^trjaS^aD^e<!:«|^ 

n^, dcTti, i^jfi0ii2 (08) tii«©«i^©jfe^ 



(7) !|$§l¥7-2 7 0 6 3 2 

[0 0 5 0] HI i^m^^r, ytT.'iy^ojmf^mm^ 
leig-r-s. 1/-- tf 2 3*i^aife3fe'&. A-757-24 
-e^;^iKL,. ? 2 5 ©^^stKcm^t^t^ 

»&!S±CJg|Sb^c€IS»C«ES^Wr-5t. JtSISJJS 
©^8?k:J:r)3tX-f y^tbTS»fPT-5. 3tWA*l 0 

5 ©juid^x^b-r^ <!:, m&xikiz^^ytm&^<Dmi!i 

^^mzu-:>tzo ^z.-v. \i-^wm\zm^^mi^r, 
-ytrnTcDum^-mzu-Dctiz^r)^ mtt<o^m^ifi 
an. mi3^m^2%&.T\zis&^i,:iti)^-v^Tz. ms. 
mmtm^mmnfimmizi: o mmzn^^fttb. ^i^ft 

[00 5 1] immm 5 ) j&it, *iiteCT©s&:B3t5! 

20 [ 0 0 5 2] Bi 1 2 *%m<om&syt^^&mo)m 

fSCmmmTS,^. mi 2\Zi5\,^X. l«-Cffi©LiTa03 

Mw. i^^<ocm\zmm.um(D-m) > 4»^s£4b 

5ti-/uh>Si1Siiftmm&. 6tt«fi8 6 0nm© 
£4:3^. 7»%£4 3 0nm©ll2ie!8iSE. 8»^S^ 

isgw^MA. 9 tt^^gsiEeK©it@w. 1 0 \tmm, 1 

l«»Kt-5'. 1 2ttSi02A*>;^75'^. 2 0t±*9lft: 
tf. 2 1 tt«3ie3t^?^-e*S. Jti!li6Kiltt4tf 
m. l9l^»2Mm. S^^i^e ©i^gA «f 8 6 0 nm, 1 
5*:©^gff!A«3. 8/xmTa&ofc, 
at? [0 0 5 3] *«#:U-1f2 0)i^e>tafc«*3t6ttm?t 
)t^?S2 lfc±0i63t$tl^S«»5»-ASfr5. A« 

bfc»2|!:7fe6«7t«ScK5rt&eaj-r**<, {m-r^\z 
-^nmrn^^^m^iEim 4\z^r,^j, »rs*?t©#^^© 
Ks©sHG)tic3EM3n^, i¥^mi^i^—>f<Dmm&m 

0. 8ym^©7T:/'J'^D-S!©¥9?*j^ 
tftfttO. 1~0. 2 nm/t:©SiJ-&T^'fb-r-5. 

2:©&«e). a#©3tfts^ift5^^Ttt, ■fiffiS^SEfiw 

$^«to. 1 nmiS^b:&)!%(r>;/t<&. Mft$«9|l$l'C£^ 
[0 0 54] t *Jg^J 1 ©)tiS[g^^^^*ffl 

± 1 ox:<o¥^m»i'—*f<ommmt\znvx 

SHGHl^j*«S:»c»c;S:SJ:5«c. fc-^'tSffiJcBWDt- 

2 nm©ffiEg8gH«r&l 0Hz©^iajS« 

50 \,K ]!^^mm<D^mifi-s]miztsi^it. -€-©<g», shg 
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T. iQ%!ekT\ziiSQ7L^^iiii^mzfs.^it, fib. * 

-1f©5!fiS[g«J^€r< (0. 1~0. 2nm)^»b 

Ttt, aiid^i 0 96«Tirtti^2)C:t*tojtgTabt>}fc. 
[0 0 5 5] (^mmQ) »f©*-HJt^-;/:/ 

[0 0 5 6] 013a. ^^^<Dm^&^%^m.m<Dm 

mnm^-Qh^. mi 3 C*3t^T. 1 »- C«®LiTa03 
SIS {iieft®C«lCSitftB«)-fl!l) . 4tt»SK«K 

if. 6«SE*8 6 0 nmOS*5t. 7»SS4 3 0nm 
©m2il5il& (£^T, SHG^tBSf. ) V 8«^i-8iH 

iEfi©^»iA, 9 »^!ffiS4E8i:©@w. io»ms, 1 

l«»^k-^'. 1 2ttSi02A'-y7rS. 2 0«4^^*^ 
niti'U-x-Oi'2 2KDBR5'l'-5"-<' >i^d:UT 
^n. W&t^%2 ISffioT. tf2 OtCfi 

jsf*. ¥««:^-if2 o©5g«»s«, z.<mm^^ 

[0 0 5 7] *MSE:g?tS!^^MfC*3tiTtt. 
— y©SS* J: <fc «Stfi^®itt«i;^ S C 

T5B'<:fc<l;5C, 2nm©S[fittHS0. 5|}>gST« 

*£:^3iS©3EiBi*<^|gC;a:ofc. !f©ttJ*f4 
1 0 OmW, 3t«ft8SlCite^U&3ttt7 OmWCfco 
it. J:©i^©««l^^ttl 4%-r*0, 1 OmW©S 

HGm:^3*tx^nfc. ±2 o'c©sg|gsa[©^ 

iSCjtJLT. SHGtil:^©^»&59g£tT»C«IA^>c:t 
**^i6Jc;S:ofc. ¥««^W-1f©«S^ais«fct;^-H 

©f^®i6Mt6(c;^ofc. 

[0 0 5 8] «±©J:ptC, *|gJSCJ©SSE:gJfe^tS 
BICJ:0. ^«tia«©^<fc»C«UT, «^3£Ti«til*©W 

fint-^>h>t (SHG3t) *t#^nfc, -e©iK*, 
it^^T.^;. W— !fyj>^fj:i:©?tiIE»ClS:fflT€^, 
Jl©Si^fi3tilS»cJ:D, Jtx^:^5'©IBtS§S<£;'ciISJc 

*»^*«fc/jNS©«asg*«®ie-e#s. 
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[0 0 5 9] n.^. i^^'mmtiM. mk^^^^w^ 

[0 0 6 0] i^ii. *Sliia«»ITtt. tf©Stfi 

ffiic. ^^3^5©^^g0^JTB^?«Lfc^1•si5^^^ 

5S4-r-5m2Ki8»©S5i^*«*i;&V»fc*, iOiS 

[0 0 6 1] ;^*3, ^^mm-^u. ^m^v-^<o^& 
t^^^m\znxt^z.fT:. <^msi9t^%mm^\zm 

[00 62] (Mmm 7) cz. Ttt, 9[.m<D&m^<t\z 

[0 0 6 3] 01 3 ©MiSg3t»*^MIC:feViT. SJS 
fi5t!S*gB©S«*^AT. a*©iaS4$#.*jM^U 
fc. ^©jg^, ai;/jtt2 5t:T^;*;flSrtO, MS©¥ 

m±^\tmi ox:-c$>-3rz, c©iiEg«. jtifes^^^ 

^ ^©#tt*Sl;eLfci|g«. «T©J;5fci>*rSnfc. 
«^fi£^^?'lc:&(t-&«):ffieE-&2l^fi©&£{^$lc (dD/d 
T) «0.038nm/"C. if\y-r-^>ifRii&&<DdB/dm 
0.028Din/'C-eS.-?fco Z.<r>rz.iii. %Wi^^^^=F<r){tL 

©RWJKfi-C^ * ©^ttO. 01nin/'C©SS!«gcS^ 

bTv^s, 3tasfi^^3ti^^©(4ffiSf^afifiF^a©#« 

±*i«*?l0.lDm-e*-5*^e. O.lnin/ (COlnm/'C) J;D 
£aj[:g31£ie^&S©&ftf^i8t»i»dl 0t:©21«llP$M[& 

[0 0 6 4] K±©<t^iC. Si6fi^5!^^B©ilft«^ 
-7^^>i'©SStiSi:^©dn/dTS^b<-rSC:t*«, ^ 

[0 0 6 5] "tllT. i^P-x-f >i^±C. »«J:t)ia 

SI^Sc©::*c^7iK^&itfflt-^ z. tT. 5^l'-7=-w' Vi'E 
WSfi©dD/dTS;iiJn$-li-, (SfflS^Sgti^lx— r-w 
>ySS*iSfit©dn/dT©MSr/h$<-rs:it-X?, ffi* 
50 ©iaflfi|$tt©5S:»*0ofc. mtUTtt. H13»C^ 
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>if220±\Z, PLZT ((Pbd-o La.)(Zr,Ti<:-,) ) 

(i-./oOs) (om^2Q0wmeLvrc. ?Lzmm9im:m2. 

5T. Ja*f*©ilS«jl:dn/dTttlOX10-*Tf»-5. LiTaOj 
S«(Odn/dT : 6.BxiO-^/x:\ztt^:k^iimm^mti 

EimL&<DUmmmii/dm0.0Z6im/X:\Z)SlJaV 
igg©dn/dT®g«0. 002niD/*C ^Ti&mt^ Z. t *t oJtg iO 

[0 0 6 6] fs:^. ^mmmr^t. ifU-y^^ >if±\Z 

CO 0 6 7] ;f5:^. *JlifiC»J-C«. ttffili^&Sti'W' 
-5"W>i'Sj*iftg©dn/dT*aE-&$1i-S&*, ^I^- -39 

«8^i-tcS«©dii/dT<fc D /hS:^dD/dT&*-r SK^fe^Sf-r 
fi[ffi!S^S[fi©dii/dT*««TbT, B«©«S«*« 
#ens. WAtf. TaaOs, Si02 (dn/dT:i(i«j0.5xlO-s/ 
■C) fiii<Dmitm. **<£ffiT^S. Ti0 2 (dn/d 

T:-4 — rxiO-'/t:) , PbMo04 (-4 — 7X10-s/'C) 
tt fttLiTaOj ««©dn/d 1 1 j£?9F^S*-r •5fcJe>*3(|-C 
J&-5. 
[0 0 6 8] 

mmtM-i'^mmifr^zLtiz^r). 

[0 0 6 9] ?t&fi^ift3g^!C««8tt-:S'Sa 

®fl;-r -5 2: t tc J: 0 , it&fi^JftsRTwfifflSE^&g* 
[0 0 7 0] •SSraiffflUnth-^'tUTI^Wf 

&mis<^mt)<D^mm\:iimrL^tthiz, (^s:/a-fe 4» 

[0 0 7 1] ■K1iS^ffitfi?£iBaT|gHiJrig;5:3t 

m&MiSim'F t ^^m^l—^iz <t 0 /h^®Mi«Efi=i t - 

[0ffi©ffi*:)SiK?a] 

[02] *l8l3©3tKfia!Si5!i^©f^StljBH 50 
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[031 ?ie«g|gSI*^©t-4'»c8iaDl/fcS*t«!:« 
E-&Si«©M*^Sr^-ri$tt0 

[0 4] mL^wsm=i-<JiWs\z^^!&\^fzmEt.iSLim. 
^8[:g©n{i^£^r#i£0 

[0 5] (£[4gSd%:&^its©i$Nfjc$ii$^-r0-r% 

0. (a)»t-;5'fC©i5^mA^BliIObfc«^©#tt0 
(b) t-^' tSffi»c|^i$lw«JE&9]lin«^©4#140 

[06] 3t»S3E»«^fcfelt««Siii>*S^-r0Tfc 
0, (a) «7tScS^©3!S^©»fffl0 

(b) tt^«igKtWJniSn-5«#<i:ja»f^2E<fcSS-r 

#1£0 

[07] *fS?«©te©3t»[g3Eail!l^©«^^0 
[0 8 ] 2|s:3^ ?g©1Bj©3t»g^miS^ ©«^!|^0 

[0 9] %^w6^=f-<r>%mm<Dmsimt\^^^-t 

[010] ti:«S^!f$«&«-r0 

[011] *^Bj©^§ii^©iiii5^^»*^-r0 

[012] 5*>:^?g©ffiSE:g3tl8^g®©«^0^^0 
[013] *5g?goffi©SlS[ft)t%^^g©«HS*m0 
[014] ^©5K«^:^^?©«lfilc^0 
[015] tl£3t^©@i[it:&5^^^e©«ll^^0 
[??#©I«M1 

I -C£©LiTa03£& 

4 ^S;S«sS 

5 ':fuvy^mM^ 

6 

7 ^2ie(SRi& 

8 MSSA 

9 ifgW 

1 0 

I I t— 

12 nv'yyWt 

13 A<y7r® 

1 4 ttfSA 

1 5 ttSB 

2 0 i^^^U- 1f 
2 1 m^^^ 

2 2 ifv-7-^>if 

2 3 P-If 

2 4 A— 75 7— 

2 5 3tX-f5/5^2 5 

2 6 «Ot3t#3g 

2 7 mm 

1 0 1 ^m^v-^- 

102 M^>X 

103 A/2« 

104 Vit-fi'yy9\^yX 

1 0 5 A«g8 

106 nU^— 

107 ^''-fi'n'f s'i?5 7— 



— 217— 



17 

10 8 ifV-T'-C >9 

110 LiTaOaS^ 

1 1 1 i^ffisteas 

112 ':fnvy'sms&msk 



(10) 



18 



1 1 3 

1 1 4 ^^^^V-if 

1 1 5 Alt85 

1 1 6 aiMSB 
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4 ^i&mM^ 



1 LiToOal^te 



[BI3] 




' 2 3 

^tvim^-h (w) 



[02] 

(a) Si02;^/\S^ 




SiOe 



(d) UTJhTfl? 



[@4] 




ElldQVS (V) 
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(12) 



!t$i8¥7-2 7 0 6 



[BI9] 



II 0] 




mm 



3 

a 



X 







V/»d. V2-40V 









[01 11 



7" 

23 



26 

A [ f:ViTiwri | ft- 



27 



24 /W^S^- 



25 ^^gJ^-f-y-J^ 



[01 21 



1 I t-y 
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(13) !}$i8¥7-2 7 0 6 3 2 




[014] 



102 D*J^-9iy>X 




105 7<mm 




